Molecular dynamics simulation is used to study thermally activated migration of hydrogen atoms in graphone, a magnetic semiconductor formed of a graphene monolayer with one side covered with hydrogen so that hydrogen atoms are adsorbed on each other carbon atom only. The temperature dependence of the characteristic time of disordering of graphone via hopping of hydrogen atoms to neighboring carbon atoms is established directly. The activation energy of this process is found to be E a = (0.05 ± 0.01) eV.
which graphone retained its structure was only 3 ps. It is clear that this time is not long enough for final inferences on the stability of graphone to be made.
It is known that the ab initio calculations in simulations of dynamic processes demand very heavy computational resources and, therefore, allow one to study the evolution of a system of ∼100 atoms (a cluster or a supercell with periodic boundary conditions) over a rather short time (∼10 ps) inadequate to provide the sufficient statistics. The goal of this study is to implement molecular dynamics simulation of thermally activated migration of hydrogen in graphone in the tight-binding model [8] that presents a rational compromise between the stricter ab initio approaches and the oversimplified approaches involving classic potentials of interatomic interaction. The tight-binding model adequately describes both small-sized carbon clusters [9] [10] [11] [12] [13] and macroscopic systems [8] . In combination with the molecular dynamics method, the model allows one to bring the time of simulation up to 1 ns -1 µs [9] [10] [11] [12] [13] [14] . Previously, this model was successfully used to study thermal desorption of hydrogen from graphane [13] and the effect of spontaneous regeneration of the disordered graphene/graphane interface [14] as well as to calculate the dependence of the band gap of graphane nanoribbons on their width [15] . We show that the activation energy of hopping of hydrogen atoms between neighboring carbon atoms in graphone is extremely low (almost two orders of magnitude lower than the activation energy of hydrogen desorption) and, as a result, the characteristic time of disordering of the graphone structure is no longer than 1 ns even at liquid nitrogen temperature.
METHODS OF CALCULATIONS
The molecular dynamics simulation of thermally activated migration of hydrogen in graphone was implemented for the C 54 H 60 cluster. This cluster represents a graphene fragment, the edges of which are passivated with hydrogen (the number of passivating peripheral hydrogen atoms is 48); in addition, the fragment contains 12 "inner" hydrogen atoms adsorbed at one of its sides, thus forming a graphone fragment (Fig. 1) . Passivation is required to saturate dangling bonds of the sp-and sp 2 -hybridized edge carbon atoms and, thus, first, to reduce the effects of finite dimensions and, second, to exclude (or minimize) hopping of hydrogen atoms from inner carbon atoms to edge ones.
At the initial point in time, random velocities and displacements were imparted to each atom (so that the momentum and angular momentum of the cluster as a whole are zero).
Then the forces acting on the atoms were calculated and the classical equations of motion were solved numerically, with the step in time t 0 = 2.72×10 −16 s. In the process of simulation, the total energy of the system remained unchanged (a microcanonical ensemble [16, 17] ), so that the role of temperature was played by the so-called dynamic temperature, the measure of energy of relative motion of atoms. The dynamic temperature was calculated by the formula [17, 18] 
, where E kin is the time-averaged kinetic energy of the system, k B is the Boltzmann constant, and n =114 is the number of atoms in the cluster (corrections for the finite dimensions of the thermal reservoir [19, 20] were disregarded because of the large number of atoms, n >100).
To calculate the forces acting on atoms at each step of molecular dynamic simulation, we used the nonorthogonal tight-binding model [8] modified from the model used in Ref.
[21]. This model explicitly includes the quantum-mechanical ("band") contribution of the electron subsystem to the total energy. We took into account all valence electrons of the system, one electron of each hydrogen atom (1S) and four electrons of each carbon atom (2S and 2P ).
To calculate the height U of the energy barrier that hampers migration of hydrogen over graphone, we investigated the hypersurface of the potential energy of the system E pot as a function of coordinates of the constituent atoms. The stationary points of E pot (local minimums and saddle configurations) were determined by the method of structural relaxation and by searching in normal coordinates [22, 23] .
RESULTS
By analyzing atomic configurations created in the course of simulation of graphone dynamics, we have found directly the time of hydrogen migration τ for 66 different sets of initial atomic velocities and displacements corresponding to the temperatures T =50-400 K. The time τ was determined as the time interval from the beginning of simulation to the hop of 1 of 12 nonpassivating hydrogen atoms (Fig. 1 ) to a neighboring carbon atom. As a result of such a hop, one covalent C-H bond breaks and another bond is formed. The process of bond "switching" occurs within a time of ∼10 fs. No reverse hop of the migrating atom has been ever observed; i.e., in graphone, migration of hydrogen is an irreversible process, as distinct from migration in the graphane/graphene structure [14] . The physical reason of such irreversibility is that migration lowers energy; i.e., graphone presents a metastable configuration (corresponding to a local energy minimum rather than to the global minimum) and the hydrogen atoms gain energy if they form bonds with neighboring carbon atoms belonging to different graphene sublattices. We will return to this issue later. Figure 2 shows the calculated dependence of the logarithm of τ on inverse temperature.
From Fig. 2 , it is evident that this dependence can be rather adequately approximated with a straight line, suggesting that the standard Arrhenius formula is applicable to the description of hydrogen migration:
Here, A is the frequency factor independent of (or slightly dependent on) temperature and E a is the migration activation energy determined from the slope of the straight line in Fig.   2 . As the temperature is lowered from 400 to 50 K, the time of migration τ exponentially increases by four orders of magnitude, from ∼0.1 ps to ∼1 ns. Statistical analysis of the results of the computer experiment yields E a = (0.05 ± 0.01) eV and A = 10 13.5±0.1 s −1 .
We draw attention to the very small value of E a that is about 50 times lower than the activation energy of hydrogen desorption from graphane [13] . Physically, this difference arises from the fact that desorption necessitates the breakdown of the strong covalent C-H bond, whereas migration occurs if the C-H bond only "switches over" from one carbon atom to another.
Since the activation energy of migration is defined by the height U of the barrier that hampers the migration process, we have calculated the value of U in graphone. This was done for a graphone C 200 H 100 supercell composed of 100 C 2 H unit cells with periodic boundary conditions. The dependence of the potential energy of the system on the reaction coordinate is shown in Fig. 3 . From Fig. 3 , it can be seen that the barrier for migration of a hydrogen atom is very low, U = 0.058 eV, in agreement with the low activation energy (as a rule, U ≈ E a [10] ). In the coordinate space, this barrier is closer to the carbon atom forming the C-H bond that breaks upon migration than to the carbon atom involved in the new C-H bond. It should be emphasized that migration results in a sharp (by 1.46 eV) decrease in energy and, therefore, the barrier for reverse hopping of the hydrogen atom is very high, see Fig. 3 . This is the cause of the above mentioned irreversibility of the migration process.
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